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....    ULTRAHIGHçFREQUENC£ VARIABLE  
- :The Sperry Corporation, a corporation of Dela- 
. .. .- - ApplicationMay 31, 196, Serial No. 673»222 , 
The.Presentinvention,relas- the art includ- oï oscillation, an ad]ustable impednce is of- 
ig RppRrç. operative, in the ulçrR-high fre- ïered  e impreed voltage which tory be 
quency and super-high frequenEy ranges oï the controlled, both in maiçhde and phase angle, or 
ïrequency. spectr.and; more  paicarly, ço as  resistive andreactive, comp0nen, by -the 
eie¢tically variable impedance elemen havg  6 ad]ustment oï -one, or more parameters ao- 
widé variety of uses in these frequency ranges, ciad th the elèctron stream, namely,, the ac- 
, /the tra-high ad super-high -ïrequency celerating voltage producing the electron sram  
ranges. ,(ïor example,.foZ,ïrequencies above 300 the magtude oï the stream crent, or the 
egacycles per second corresponng fo wave- flecting voltage..producing .the reversai-oï the 
lengths shorter than, one meter) convenonal 10 path oï e electrons oï the, stream. " Sach im- 
cct elements,suchaS resistors, inducrs, ca- pedance wriations'are:.glY useï in  grëat 
pacirs, and conducrs,-assume. ïos oï  wriety :oï systs:as long  the eléctron 
ghly specialized, natur.e differing greatly from charge .oEs matained in  passive condition in 
e correspondg elements_at lower ïrequencies which se-gbnerating oscillations are prevented. 
or.useïul with, direct Current.. The special prob- 15 The present invention :prodes several differ- 
lems. incident .to the:, conduction, modcation, ent ïorms of electron scharge de.ce ef as 
and radiation of energy of. these .frequencies re- such  wriableimpedance element and also pro- 
quires highly specialized apparatus fo perform e rides a number of different systems utilizi such 
normt fctio in .Counction therewith, vari-  de.ce, eier fo prode ïunctions coespond- 
0..pecized types vï which have heetoïore 20 g fo those proded af lbwerïrequencies by con- 
been desed. owever,: none .of .the known ventional devices: or .ïunctions ordinarily ims- 
dees is-prosion.made ïor:a idely.and r.eadily sible at such lower frequencies...   - 
ribie.impedance. èlemçt capable of-producing The invention-in another oï i aspects re- 
impeace wlues coering  wide-range .oï re- . las to novel features o. the .instrentalities 
sistive and reactive components, either .oï these S5 described herein ïor achieng .the principal. 0b- 
componets being positive. oz  negative., at will, ]ects. oï e invention and t0 novel pciples em- 
and readily-controllable in turpitude by electri- ployed in those, itfenilies, whetheror hot 
......... ese feates and pnciples are ed for the 
. Accorgly,:it is an object .oï ,the present in- said principal objectsor in the. Said.fleld. 
vënton to prode avariable. impedance, ele- 30 A further object of the invention .is  pro- 
m.ent« Useï at ultra-gh:and super-high fre- de proved apparat and. instrumentalities 
quencies..and readily, controllable .either manually embodng novel ïeates and principles, adapd 
0r .electrically ,ver a .widerange oï impedance ïor e in realing the above objects and ao 
- adapted ïor use in other elds. 
 It is another 0bjec 0f. the. present invention 3S The present invention and oer objec there- 
to provide a variable impedance element adapted oï will becomeclearer upon consideration 0f 
to serve a Wide variety ofïunctions af ultra-high ïollowing specification and appende d  drawings 
and super-high frequencies; such as a variable in which: .. ...... 
impedance traformer, a variabie, phase shiïr, . Fig: 1 is a Schematic.circit diagram oï the 
a repeaçer or amphfler, a variablerminating ira- 40 impedance element oï the present inYention use- 
pedance, a vaable non-lineár impedance, a sig- ïul in explaigi ration; 
nal expander, a limiter, an amptude and/or Fig. 2 is a schematic:repzesentàtion, oï. çhe sev- 
ïrequey modar,-.a tng control, a power eral electrodes oï e variable impedance element 
dider, a noise soce, a variable selectity cir- oï Fig. 1 owing eir respective relative poten- 
ct, a variable frequency circuit, or a variable 45 tials; .. 
ïeedbacR control, among other. Figs. 3, , 5 and 6 are various cuves and graphs 
The present invention maRes e oï the im- useïul in explaining the theory of 0Perati0n oï the 
pedance properties of an.electron, stream fo pro- present invention.; ..  
vide a usef variable pdance element serv- g.  is a perspective vieW, partly in cross- 
ingma of the. functionsenUmëratedabÇve. It 50 section, oï 0ne practical emboment 
bas been scovered.that when an electron streàm ent invention, eïul in coction with a Wave 
is passed_tougha pair oï gds between wch guide;  ' . : 
is:imPressed.an almatg volge, and is there= Fig..8 is a similar perspect£ve view, partlYïn 
tr«red t0 .be retned :through the. sme cross-section; oa modc.atin- 0f .th e ece of 
pRinoflds; ina mae avoinge produbG0n 5 g.  "  ' ' 



Fig. SA is a simflar perspective view, partly in 
cross-section, of still another embodiment of the 
invention shown in Figs. 7 and 8; 
Fig. 9 is a schematic circuit diagram of a sys- 
rem using the variable impedance element of 5 
the present invention as an impedance trans- 
former, phase.shifter, repeater» amplifier, ter- 
minatin impedancë, non-linear impedance, sig- 
nal expander or signal limiter; 
Fig. 10 is a diagram useful in explaining the. 
operation of the circuit of Fig. 9; 
Fig. 11 is a schematic circuit diagram of thë 
variable impedance element of the present in- 
vention used as an amplitude, modulator or 
adjuster; 
Fig. 12 is a schematic block diagram of another 
system using the variable lmpedance element of 
the prescrit invention as a tuning control or 
frequency modulator; 
Fig. 13 is a similar schematic block diagram of 2o 
a modification of:Fig. 12;. 
Fig. 13A is a similar.cizcuit diagram Of a fur 
ther modification of Figs. 12 and 13 useful- with 
apulsed oscillation generator; 
-Figs.. 13B and 13C are schematic circuit dia-. 
gams of systems utilizing the prescrit novel 
variable impedanceelement-for amplitude modu- 
lation; 
Fig. t4 is_a / schemati block diagram of a sys- 
rem utilizing-the present no/el .vaziable im- 
pedance element.as/a power divider or monitor; 
 Fig. 15. is: a,schematic circuit diagram of a 
sy_sem utflizing the: present noel variable im- 
pedance elemenfi as, a -lobe-svitching arrange- 
ment for radio navigation; 
Fig. 16 is a schematic black diagram of asys- 
rem utilizing the prescrit, noei variable imped- 
ance: element as a noise source in the ultra-high 
and super-high frequency range; 
_Fig. 17 isa graph.usefulin explaiuing the op- 
eration ofithe device of.Fig. 16;. 
Fig. 18 is a schematic-circuit diagram of a 
modification of any of th preceding figures; 
-. Fig. 19 is. a perspective view, partly in .cross- 
section, of a ._modification_ of .the devi¢es, of Figs. 45 
7, 8 :a.nd SA, and usefuï with coaxial- line systems; 
Figs. 20::and 21 are elevation .views, par, tly in 
cross-section, of a further modification of. the 
devices of Figs. 7, 8. SA and 9 incozporating a 
cavjty resonator; 
igs. 2225,are curves, useful in explaintug the 5o 
operation of the devices ofFigs. 2 and 21 ', . 
Fig. 26 is an equivalent schematic cizcuit dia, 
grain for the apparatus of. Figs. 20- and 21; 
 Figs. 27-29 are curves: and ,graphs useful in 55 
explaining the operation of the devices of Figs. 
20 .and- 21; 
Fig. 30 is a schematic circuit diagram of a 
system utilizing the .presen novel variable im- 
pedance element as a feedback control. 6O 
In the following figures, like structures are 
given the saine reference numerals. 
Fig. I shows diagrammatically the circuit for an 
electron discharge device 26 having variable im- 
pedance properties, and nseful, as will be seen, 6 
as a variable impedance element at ultra-high 
fzequencies. This device comprises an, electron, 
emissive cathode K, a control grid CG, a pair of 
velocity-modulating grids G and. OE,and a 
refiector electrode R, all in alignment with one 7O 
another. 
Grids G and G. have an oscillating voltage. 
e=E sin $ imPressed therebetween, of ,radian 

4 
potential E0 with respect to cathode K, as by 
means of their connection to the saine ad- 
justable electron-beam-accelerating source 
through respective radio frequency choke coils 
8, |S which prevent a kigh frequency short- 
circuit between these grids G, G.. Control grid 
CG îs maintained at an usible negative or 
positi.ve-potentidïE rela-tive/to I cahode K by 
means of adjustable voltage source $. teflec- 
.]0 tor 1 is similarly maintained at an adjustable 
unidirectional negative or positive potential E 
" relative-te grids G, OE by its connection to cath- 
ode K through adjustable voltage source $|. 
GeneralIy, both .contol grid CG and reflector 
15, 1 ,are mai, ntai-ned-slightly negative relative to 
cathode K, alth0ugh under certain conditions 
either may 'be...p_ositive relative to cathode K. 
Fig. 2 shows schematically the various elec- 
trodes and their relative potentials. Cathode K, 
grid G, and accelerating voltage source S serve 
as au electron gun-.to projec_: uniform-elocity 
constaut-intensitF electronstream,throughgrïds 
G and G. toward, reflector R._ The magnitud 
Io. of this electron streamis:adjustable by adj.ust- 
5 ing the. control ,grid ,potential.,E,,:a by :varyin 
voltage source 
This constant-intensïtF::and uniform-elocity 
electron streara is subjected .ta .the oscillating 
electric fiekl produced, bF .the alternating volt- 
30 age e:E sin wt,betweengrids-G .nd OE. ¥olt- 
age e. may be .impressed: :between .grids G:-anl 
G in any sutable manuel;-the: direct ,connec- 
tion £o source $:shown:in Fig. 1 -being 
schematic illustration of. ,:ene, way -of :producin 
35 this voltage e betv¢een grids-'G,, and- OE. The 
oscillating electric field:in the gap between, tlese 
grids G and OE: alternatel acelerates,,and de- 
celeraes .the electrons. :of -the: :steam.. hus, 
electrons, passing £hrough the.:gap, between grids 
i0 G and G. during, the altenate :halfcycIes of 
voltage  :when G...isposi.tve:rëlati.ve:toG1 .wi, ll 
be. acceIerated,: while ,thosepasing :througlthe 
gap_in the :other halfcycles» wi.ll.:b- decelatel: 
This: action:is termed vel0ciy-modulation,ef the 
electrons of.the stream: 
The velocity-modulated- electwons :thus pro- 
duced are. subjeced ,fo the retardin:and»reflect 
ing unidirectional electric field between, gn OE: 
and cefiector: lg, produced-by the voltage Ea- 
pressed between these electrodes Rand: OE.-: This 
field causes the electrons.deceleratedin..the«gA 
gap toreturn fo the gaP-,more:quickly'than, the 
electrons accelerated in.:tle :gap. :As, a result, 
the electrons group together, and the reflecteoE 
electron stream which -re-enters :the- :grid- gap 
through grid OE'wilï.have.a highfreq.uency,-cur 
renk comportent i of, the £requency: . çwhich« is 
given..:by the.expression . 
where 
ere 
where N is. the_ bunching ri,me: of .tahe :ver.age- 
velocity electron, (,whioEh.pssesthrough. he grid 
gap a the instan£- whei=e-O, and: is,, hence 
neither accelerated.nor çlecelerated)' ih the, 
fiector/eld - spaee.'beee :1 nd. C,_meaSed 
ir. numher;of cctes of theqlency «. 

fzequency . However, these grids G, G. are is the heam eouplïng=:eciènt: indlcating..the 
usually maintained at the saine unidirectional: . eiïeetivenessofiutermk.o,he::etectrun:wioE 



where / is a constant determined by the Sl 
ing between R and G2. If .is usually much more 
convenient te vary ç ço_rîD«'by adjusting E than 
by varying Eo, since-is .req.uirea only a small 
variation of the r!i,ielY sa-IIv.alage source 
insJéd""J£; V_£rin(Ië,rn-aiiz eiïèrgy .source 
.lo, a' Wïde' varltion il/'« 'rduoec i 
sponse te a smaller hange in voltage. 
Variatlon of ¢ varies R»,.:and X» differently, 
sinee if varies,he,"lhaseangle-'.  o.the impedance 
Z». Fig. 4 shows the variation of conductance 
G and suscepta, nce B»_with..-fo constant E. In 
the regions wIaer.e, »is naïive, tIae stream acts 
the egipS.,. laer e _ »..ia,.p, osi.ive ..the elee,tron 
stam ats,.as, fa-: .passJ,v.e.-.loaoE In. the. r.egior 
where ( is negative, the stream acts as an. 
plifier. Where conductance G» is zero, Shunt 
esistance R» Js _infinïe;._ nd. the stream 
aets as a pure reatance. Wlere sueptaYlce B 
is zero, the shunt reacane!:;:!s.-infinite and the 
stream acts as a pure, :sisanoe. lor other values 
af.¢, the streara acs a,a.a Cample impedance Z» 
or admitance ¥». These values of R, X» and 
Z (or », B and ¥») are perJ¢ :in -e, and:re- 
peat for every chane .of. -Pe ir ¢. -I-Ince, a om- 
ploie range-.of- van'-ion in these; v.al.ues is ob- 
tained for a variation of ¢ over .r, which ferres 
Ize .useful range of waiaior oI.¢,  
The variation of Z» with ¢ and I, (E 
fixed)«. _naïF., ssa 'bê il:lusr_aecl. b..Iia. ». wLaJch 
i a...plot of. X :v.ersus l%:for.dieren alues. of, 
acl,¢; forsm.ll .sinals I-leiace», each !ceint of 
the plot repzesents.a value of- 7,», .Cuv.e - is 
circle with. centera.he: .oigin, an, represen..ts 
all values of Z oIotainable;for a giron- fi.xd-I. 
¢ varies rom.zero-to.2; 7,» .aries,f,om Z-coun- 
terclockwise completely. aouïad- circle-. Curve 
b is a similar locus..for a different value of I,. 
I-fonce, I, determines; he.r.s¢dis of the circle, and 
¢ determines the poïnt of the circle which repre- 
Sertis Z»: T, liis :a, lso,,sho :that; tla..iimiî on; 
impedance -values, JltanMe .i. onl.y. ".the, maxi- 
mure-u.rent..wlki'ch,. a..beused. 
var.ïation:-ef .N .is eo!qsïdired;, thesecir,les; 
beceme spirale.): 
. Variain.in..r so fïects.R ard--. As. staed, 
above, r'-vNTrE/:o, .O.$ -these terres, 1 nd _r 
cha-nge.butdittle. nd.:ma be considm, et.¢onstar, 
Therefore» tïe majr wriaion inr. :ïs dëtermieli 
by E/Eo. For a given Eo, r is proportional» 
Fig. 6 shews hew R-or-X» varieswi:th, r.;¢os 
ing assumed .constant. and losive. .Ths curv.e 
shows that the p-otsi.tof' R»;and -«.w.fll: .lter-, 
nate, changing, each tme a zero-of :tle-lune-. 
tïon J« (r,) .i passed. F. 6.s;lsographically ilus- 
srtes that Z» iS çg-non-lirer .impetance, siee 
R». änd  X ehange ïra¢tïcsllF and nenlînerl: 
withtheveItage, .- " "  
ttowever, Ior smal«.vli]es o:ir: (say , less tt]anoE:)i. 
lb and  ae  ]-iner; bei-ng.'sllbstsnialy il- 
dependent of r or E.  is sho, 
Th:e: devie ::; : Pig.  'theref;oe pvovides; 
mPednce -elemen; .wh: -is eadi]y 'adjused 
respose, to:.e[riCl,:sils p.ieJo. refleeor 
o: negtive, nd efoE in. m -lrahighe- 
quency pplictio, seine of 
variable pednce .device of the prescrit ven- 
tion may take, es..-a-dapted  coorate 
with a metallie hollo»çipe wve guide, although 

stantially at ,the center, ci respective conducting 
plate members  an . Interposed between 
5 the plate members  and 42 and sealed there 
by a vcu; Semi is .an,. utating clmder-.4$,. 
ch. as" ofglas,.-Widh orms part 0f the wcu 
envelupe ,encl0sing:the elecon sem and' 
serres te  spce :the :idS G and G he proper, 
sïed:to :hebhe side o plae, member  and' 
suPhe,: réfiector; R cery thereof  
gd' CG an dhe,eatér H foe the cathode K 
1  suppoçted-An - convenionl' fshn frein a ube 
bse «Twïch'-selbd t-the ïower sïde of:Plate 
 {. - complexe he-a'cuum vel,for the elecr 
-Plate membs ' '. ;and  re adpteff te 
coe era:ë: :Wïh..:'oppse wa :of a rectanr 
wave gufde4 ? ts :ppose; e oppote 
wluZ :hëWVç,.fle are proded îth re,, 
se eres  and 4. eferablY aper- 
.6 liy, Platë member  -iS marie largerthan, plaie 
member 2, and each of. these Plate members 
'adapted o fit snl-.wtthmoEe rpeetive wae 
guie pères 8 an 9: so that the 
members 4 and 42 an ids Gz and G sub- 
se, stantially ferre continuatios ,o the wave de 
walls. Te make good èont between the plate 
members ,, : ,and £he epposite Mls: of the 
wave gdë,» these :Plate mbers ma be 
ha spring .gera contac the was o&,the: 
ve, gde. Accorg,, the vrble, 
pedce: elémen, device ,-y be, imerted, into 
heréin by any Stable socket or hold.device, 
(,ne shon ..... 6rids, G» nd G thereby effec- 
tivél .om-p0fio(é ,the op.te.wls.,ef 
Siee a,substntial, l.teating .vele .es 
eeen :thé; ceërs of. these.oDposeoE wve guide 
al]s durig«bhe ne,al,-ramiiun of high  
frequenqy :ene.. do -wave e'4,. th.. volt- 
e :,be ressed..betwee :ids-G anoE 
and .e, device wl then eere -i.n e. mae 
dued..above. It.-is,:to be-delrstead .ha 
circt associated with ,the:-deice-of_Fig: . 
be»slar t,e £hat.shen  g, 1,. or   ny of 
impedce: elemen m-ay be. peanet! 
porated within a section o-ve. u.ide  ,if se 
desired, as by edly moung gri G and G 
in- apertes in the opposie walls of such a wave 
bers  and  and the te . -e: 
o. he ae zde. tead,  to,.the,,late mem- 
bers 4 an2.' THi arrangement  shown in 
In either g.  or g. 8, one of grids G 
gde wall by.a cyldrical "pole pie,"  shown 
in g. SA. .,  -, : .- 
e apparatUs o in gs. , 8 or SA is 
capable of a wide aet o£ es whemer a 
variable impedcé:elemen:ls;desed  tra- 



the gap field, and dePending on the transit rime whee ... .....  ....  
of the electrons between G1 and Cr. Here,- .. .   . 
Whëeg is the gap length between G1 and 
measured in terres of the distance travelled by an 
electron of- verage or gun veloctty.in one cycle 
of thè frequency  The gap efficiency factor 
is usuallY veryCl0se to unity for gap transit 
rimes short.compared fo a quarter-cycle of the 
opetatîng frequenCy o, such as are usually 
counterC, and ill ge Considered te bave that 
valu hereinafter. &(r) ig the Bessel function 
of the first kind and first ortier, with argument r. 15 
ç is the phase between the current i and the volt- 
age e, taken as zero when the instantaneous 
maximum of voltage e across the gap occurs 
simultaneously with the instantaneous maximum 
o[!thg radio-:efienby ofAp0nën bf thë efiëtëd. 
eleCtron. çUrrënt-i "}ht0uh, the gaP, with .the 
vol.tàgë hvng 'la serine O p01aritr fo accelerate 
the reflectêl elbtrons.- in this Situation, the re- 
flected electron Strem agsorbs.máximïnn eneiY 
from thëoscfllting fièld in thë gàp betweën 25 
grids-G and Cr: ...... - ......... 
The phase..ç and the bunching rime N re, of 
course; xelated. When ¢ is zero, N equaIssome 
integer plus" ¼.' in general, 
30 
wliere N-is hot-necessarily an integre. The 
meaningful range of variation of ç is fr0m 
to +, since .in-this range cos ç assumes all ifs 35 
possigle alues.  .N is usually fairly large, as of 
the-.order-of 5. For --<ç<, Nonly.váriesby 
an amount 1» so that for most purposes N can be 
considered.asa relatively constant parameter in 
what follows; - 40 
 -For" small-ggp transit rimes (where-n----1), the 
first pàssage of- the -electrons  of the. stream 
through th gap will :, On- ttie average}' extract sub- 
stantially-no energy -from the. gap fleld. Thus, 
when the field, aceelerates electrons, work-is done 
by 'the.field on-the electrons  when the field 45 
decelerates' electrons the electrons do w0rk on 
the field. - Sinceas many electrons.are decelerated 
as: ae ::adcelerated,  and in. equal, amounts,, on 
the average there is no energy exchange betweei 
thefield and theelectrons.  - : 5O 
: As to he refiected stream, however,a ' different 
situation exists. Now..there is interaction be- 
tween the alternating electron current compo- 
nent.i.ahl the alternating field, and.the exchange 
of. P6wer is given.by .... :- 55 
where the .bar over. ithe right member!inoectes 
a rime average. Hence,_ ..... 
P=½ Cos ç--oJ(r)cos  . 
Whèn ç=0, ,maximum power s absorbed bY 
electron stream ïrom the eld, and hence rom 
source .3' whch produces .the fleld. . For orner 
values oï .ç, less power ls .aken ïrom the fleld. 
For cos ç negative, power S even gven fo, 
. The ente deice 2 acts as a variable m- 
pegance element connected across,the=s0urce 
and.haçing an_impednce vue giron by .... 7o 

his variable impedartee ,» may ge considered 
to be formed by a Parallel?eonnecte reslstor 
eàct0r,. of resistance R» and reactance 
giron bY " " . 
': R ..R0 .... r 
=5r)coe  . (6) 
: 'X " R0 . r-  1 
  =«, (7) 
ternatively, the device may be coidered fo 
hàve àn admittance Y», with a conductive com- 
portent " 
"  vNm2J(r)m . 
==  - cos ç  (8) 
and .a susceptive comportent 
vNm 2J(r)msi n ç (9) 
Bs=- Ro r 
It will be noted that 
p 1 E  1 ENm2J(r)m 
=IoEmJ(r) cos ç (10) 
as above. 
 ts last expression (10) £or P, if will be seen 
that I0, E and m are always positive. &(r) 
also sitive ïor r less than 3.83.. Since N and m 
are substantiallY constant, the value o£ r (and 
hence o£ &(r)) is determined mainly by E/E0, 
wch  usually less than 0.5. 
However, ç may va £rom --v fo Wv, so that 
cos ¢ may be negafive or positive. For 
cos ç  posiNve, and .the electron stream ac as 
a passive load, absorbing energy £rom the source 
6, th ener beg "dissipated" in the effecNve 
beam resisnce Rb. For negafive values 
power is delivered £rom the electron stream to 
the field. Hence, the: apparatus orates as an 
ampler, the energy o£ the voltage soce 
being .ans£erred fo the oscillati electric fleld 
in the gap. The resistance R  negative under 
these contio. 
.From this oescussion and £rom Equations 6 and 
7, if is clear that the value, o£ the equivalent re- 
sistance R and reactance Xb 0Ï the present de- 
vice 2  is deterned by E, I, ç, and r. e value 
of E is generally determined by system con$- 
tion, and  ornarily hot avaable for adjt- 
ment for the purse o£ vawg or control=ng 
Rb and Xb. I may be readfly controlled by ad- 
justi Ea. Such adjustment varies the absolute 
value of Zb, and hence varies Rb and Xb equally 
and simfiarly. 
The phase angle  is most realy varied by 
varying Em Even a relatively smag change in E 
canvary ç through a rae o£ 2 (or 3609). ç can 
also be varied by varying Eo. e dependence 
ç upon E0 and E is illustrad  Fig. 3, which 
shows a series o£ curves in wMch E is plotted 
against Eo,. each curve havg cotant ç (and 
hence cont N). 
Analicagy, if can be sho that, for a .Nane 
parallel refiector, and ignoNng space charge, 
N_ 

and is the D C. geam impedance. 
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high-frecluencY systems. Some af the more ira- iC is necessary Co add to the admiCtance Y2 an 
portant of these uses are described hereinbelow admittance shown by the vector Y2Yo in Fig. 10, 
with respect the following figures.  and also plotted from the origin of Fig. 10 as the 
Referring fo Fig. 9, the variable impedance vector OP'. 
device .5, of the construction shown in .Figs.  ' It will be seen that this vector OP bas a nega- 
7, 8 or SA is indicated' schematically as incor- tire conductance OQ and a negative susceptance 
porated in a wave guide ,45, 45' extending be- OS.. Accordingly, the voltage sources 31 and 32 
tween a source 36 and a load or other utflizati0n' are adjusted in accordance with the consider.- 
device 31. As is well lmown in the ultra-high- tions discussed above fo cause device 25 fo pro- 
frecluency art, it is desirable when coupling a I0 duce a negative conductance of amount OQ and 
source to a load or utilization device to prevent a negative susceptance of amount OS. This neg- 
or minimize standing waves the high fre- ative conductance and susceptance are in shunt 
quency energyconductors coupling the sourC with the adinittance Y2 and therefore are added 
and load. The device 5 of.the.prèsentinvention directly thereto.. Accordingly, in this manner, 
provides a simple and easY méthod of accomplish- 15 the variable impedance device 25 transforms the 
ing this purpose bF serving as an impedance admittance Y2 fo the admittance value Yo, as is 
transformer between the load 31 :and the:wave, desired. If will be appreciated that for other 
guide 45 so as fo .match the impedance of the values of admittance of the load , other adJust- 
load fo that of the wave guide.  As indicated ments of the variable impedance device 5 may 
above with respect to Fig..6 the variable ira- 20 .be similarly made so as to provide proper match- 
pedance device 5 may be adjusted fo bave ing or impedance transformation as desired. 

substantially any destred impedance vlue, by 
adjustment of the reflectorlvoltage E and the " 
beam current Iò: as bY means of the adjustable 
voltage sources  I and 2"esPectivè!« nëre- 25 
sistive comp0nent R and reactance comportent 
X of this impedancë value may be independently 
adjusted fo bave desired values. Ïnadditi°n b°th 
the resistance and rëatance comp0nents or either 
of them .may be made .either positive oi negti:¢e, 30 
as desired. Acc0rdinglY, if ttie impedanc alue of 
the load 3 as=seen fr'om the wave guide.5 pro 
rides a mismatched impedance ontion/which 
would ordinarily produce standing Waves, .the de- 
vice 25 may be adjusted, by; adjusting .voltage 
sources 31 and 32, fo modify theïmpedance value 
viewed rightward in Fig. 9 from the position o de- 
vice 25, fo be Substntiall=equal fo the. character- 
istic tmpedance of the wave guide 5. By s0 d0ing, 
standing waves .with tlieir concomitant disad- 
vantages are substanially elimlnated from the 
wave guide 5 connected fo sourcç 36.. 
As an example of how such impedance trans- 
formation may be obtained, reference ismade fo 
Fig. 10, showing an admittance diagram in whic_h 
the horizontal axis represents conductance OE 
and the vertical axis represents Susceptance B. 
The point Yo indicates the charactristic admit- 
tance of the wave .guide section 5 £o the source 
36, which is assumed.the same as that.of the wave 
guide section 5' connected fo the ioad .3.  Also 
shown in Fig. 10 are aseries of circles Cz, C2, C 
which form the well-known bipolar coordinate 

The system of Fig. 9 may also be used as a 
phase shiïter or "line stretcher." . AS is well.. 
known, the bipolar coordinate Circles, such as C, 
C oî Fig. 10, form the loci of constant standing 
wave ratio; that is, if a circuit elemént.of vari- 
able adlnittance is connected fo the en d of.a wave 
guide or transmission line Of characteri_stiç.. 
admittance Yo, the standing ave ratio existàng 
in that guide or line will remain constant despite 
variation in the admittance of:the Circuit eie-. 
ment, provided that the various "admittance . 
values of the circuit element.are points 0fa siiïgl:/ 
one of the bip01ar coordinate, ci.rçles shown in 
Fig. 10. 
Thus, referring t0 the:illustrati0n, usedab°ve . 
ff a circuit element i-of admittance Y:iScon- 
nected at the end of the wvé guide 5 hving. 
characteristic admittance Yo th¢ resu!tant ad: 
40 rnittance viewed rightward frora the/yariable. 
impedance device 25 will bave the vale Y2. Nec- 
" essarily, the wave 'travelling down he ave guide 
5' will bave a phase shift between thepositi0ns 
of the device 25 and the circuit element S,'meas- 
ured by the arc YY2 of the circle C. 
45 The phase of the wave arriving at the load 
- may. be altered by changing, the length of the 
wave guide section 5'. However, this is awk- 
ward and inexpedient fo do .mechanically,. since 
50 itis of practical importance in wave guide sys- 
tems to keep the elements in fixed mechanical 
relationship. The present invention, however, 
provides apparatus for producing such.a phase. 

system having Yo and --Yo as the poles thereof, shift of an am0unt which may. be readily gnd 
Itis a property of wave guides as well as of 55 even electronically controlled. 
two-conductor transmission lines that, ii a load As discussed above, a change in the Phase shift 
of admittance Y is coupled fo one end of a wave merely means (and is accompanied by) .a Change 
guide or line of ' characteristic admittance Yo, in the admittance value-seen from the position of 
then the admittance .as vi,ewed ïrom.points o£ the device 25 fo a differentwalue on the.same 
said Wave guide spaced frora the load by differing 60 Coordinate circle (such as. CD, Accordingly; 
distances will be represented b:Pòints on the bi- additional phase shift .may be interposed by 
polar coordinate circle upon which the admit: transforming the admittance value Y2, .viewed 
tance Y is located... Ths is shown as circle Ci rightward from the right of device 5, t0 another 
in Fig. 10. Accordingly, if the 10ad 3] is assumed value, such as Ys,: separated from Yï al0n$, the 
fo bave an arbitrary admittance value such as 65 circle C by an arc corresponding fo :thë de,ire d 
Y, then when .viewed from the location of the 
impedance element 25, the admittance of the load phase shfft, in the. present instance, this may 
 ,. be doneby adustingth cricuit paramçtes"of. 
31 and ifs connected .wa/e guide 5' will.appear the variable impedance device  fo 'cause.t 
to have an admittance V.lue such :as.Y2, also 
located on circle C. Ordinarily, the section of 70 assume an effective admittance gi:¢en by th e :ce.c- 
wave guide 5' wil be made reiatively shorti : In tor ¥2, Y. in this Waythe dmittancë sèen ffem 
order to match tle Iogd 3 totheaveguide 5; the end of wave guide 5, viewed rghtward in 
if is necessarytht this admittance Y2 be trans- Fig. 9, Will bave the newvalue Y, and theeffec.t 
formed to the Value Yowhich is thecharacteris-: upon the lïad 3 in the sam .as though 
tic admittance of the guide 5. F0 thispurp0se, 75 length of the wave gdè Section 5' had been- 



increased,-.:thereb..: producing _. relai.v.e- phase. , PU_.P.ose.:On::ueh=use:.o:this:oharacterisç.ic,. 
shf wihou:-oE,çin::£he-standing :ave ,at.o:- as:..:gnl:eXdè::or.exap,:,f,the .oPer 
e.appaçat shown-in Fig....9 may lsobeused-.. ating conti0n .e_thJabie peance-,dé 
as a repeater or amplifier. AS OEscussed.above .- vice.:$.6 As-hesèi.- , neighbohood;0fthe 
relatiye te g-s.-1 te. 6, the,. variable impedance  ..val«b (ig,6:)by:-polJselting 
des, ce ,may=be adjusted-:to hae substantiallF 
zero susceptance:.çinta.reatance) and. simul- : ing.: aegae:.alue çb elcing.,ER): the 
taneously _ ite negative conductance...- is.. imedance.Z:$hen,exhi.a.negative esistance 
corx, esp.onda o .a. value .of  eql  180% - e.:: accodg»:hç-ppat.oees 
magtude of his ,negative -conductance: can be t0 as-discusoe.d-abve Fo smal,1 increëAn«, 
adjnsd«by varing.!o Under-the.control of , . large-nes:,_the..egte estnce.iS 
Pr.ovided. that. the:.¢onductanee çof the:load-:$ inê, .whicplisAagèAncease 
vie.edat_the location .of the:-variable-impedance..,- plificNo:producdby. ,(hé: devic,j: For:.de: 
device..Z..is grçatr in-mtude than .the nega- - creeAn.r.fr£ha>çuer=b,.:the.:ampl 
tive-:conduct.ce :of £he:. :device-6, no -self-sus:- 15- tion-Jf-.thdeice orrenlFZdeeased 
tained ocillations...willoccm-,, but a part. of the . e.oe,,thaice..sees:: sigl.expnde 
enegy, derived,fromthe,batte 2 will be trans-..-- incesing_, larg .sig .:anoE,.deoeeasg...sml.Z 
forme beteen  bhe,. grids G,d :.z into gh.  signls,-anfseeS .ease,£hejdscrmination 
frequency energy.0f e same:frequency as source., betwe_elavelyçf:wëakzsigfiÇla 
,th. Pr0ducing,anamplification.0r repeating .20  str0ng gna, Such. device may:be 
action. -By:.placing-successive. repeaters of this noise.supprsiofor. exgmple,/: 
tyPep.eiocally.along awave gde:or other high InstaoEf oPçatin$,.a heSin_b 
frequency ener: condUc£or,. the.high, frequency, nega.tie,:..a siesç:an be 
energy.fom source  can,be transmitted ove., opeçing " - -, "  
long::distances,: In ts waF a very simple- bu.: 25 £o proUce poçScoS, , H:e aga],: negae. 
ghly.effectiv.e, amplifier.cor repeate ;is obtaïned.=. -esistncë ahoEmiflio exi,:and.:à  smalï 
In mny systems:it is desirab]e .te .provide..a  mCease in E,fll poduce.. large increse in 
substantllF .:.nonrreflecng.:.: terminating., im: plica£ion,.hi]ea d.ecease  E prçduces a, de 
pence0r.energF.Mnk.:..: may: be readily 0b,  creaseAn amp!ic.tioa,, so that..signl expansion 
taed, by: the:.e .of- £he: novel vaiable. imped-.. 0,.s prqduced. " ....... 
anEedev]ce.of theprnt..invention, Referrg : Asyanoher se . 0f e: n0nrlear ]mPedance 
to_g..«9, once more, letAt  supposed, that it is  charactistiC. of -the " deVicë, :it may serye 
desed. te aborh:all :energy produced, frein, the ... signÇ lmite./ us, in opeçting:. 
soce :and.trstd by waF .of the wae., positive .ces-),. if .willbe:seenth.  the"device 
guide 6. Under these circstances, the-lo.-5 ees: aS an::ampliflër but tha. for"increasing:. 
 .and i.connectedwaveguide section -may signÇls (inCrasing- E); decreasing:plcation- 
be comple.l,0mitted, ..and the._variable imped-ï is produced--For. AëCasinçs_ignÇls, 
ance::dece. 26.ma:be readfly and .simply-ad : amp]cationqs-PZ0duced.: :e ' device 'acaord- 
Justd -: ,hae..a. substantially pure conductance  inglytends tomainin  variable mplitude 
valuê.without scePtance :or xeactance, mer_ely.. 40 put signar at)" fform:leel:.0By proper choice. 
by ..ausng .he oltage :soces $  and-. Z.:: "of he-operang-i b  on-e chracsc 
Such.a. P.e._conducance may. be .adjted te the of g.'6 te:-d¢Creasë-in mçtca'i0 r-n neg 
prop.ealue se s te prenent refiecions, and wil tire resstanc Çç.incsïin.pucan 
serya _ .absob. all the: wer... flo-...in =wave .  ruade : fully-ï coensate/for the increase in 
guide 6. " 45 inuç:sign! -mMnti:-$ubstantially- constant:-. 
earial .imdanca.deVice of the.present erflo-andsil-levetqn the:output guide 

invention is easily and rea.dily, adjustable te ser.ve ... 
as such .a terminating._ impedanca .fo-.a 
variety ofsysems, and se avoids.the_diMcultyof.. 
reltively: _narrow frequency.., and_: impedance 
ranges_,_ chara_ c.teristic, of. prier., art Aeices. . 
Ineacb_ Of he. above uses of the novel 
pedance element of. the present invention,, it is .. 

§":5 The-same-resut,-rnay.,be _obtained -by -oper- 
ating ut T .----c',--withn_egtjve -ces: ¢.. 
In .additi0n-t-the'-uses.enumerated above, the- 
variable" impedance- device-of the present inv.en-.,-_ 
tion_is especially'adaptedfor:modultingïthe flow ,- 
of enegy betveen:-a source and load or utiliza« 
tion device. -. Thïs i illusrted-in-Fig. 11, which: 

preferred-to 0serate the:device at relatively 10w. is .largel-s.imflar-t 0 the_ysm.shown-:in Fig:9, 
oscillatinggap-voltages-that is, E should be 55 like'elements ,being-.given the same-reference. 
small,, preferably Pr0_ducinga alue of r less.than haracte:.. - 
one: -.This.pr0duces --an advantage0us ..type..of _. As has=been indicated-in the:foregoing-generaL 
operation-inthat the impedance value .of thede-  discussion..of the 'characterlsticsof the novel:im.- 
vices hen-substanially independent:.of varia-., pedance,:device of the, pr.esent invention, vhen.. 
ti0ns4n 'the:Mternating--input voltage E. This 60 a v_ariabl:mpedance dev!ce uch as.. is con, 
wilrbe:seen,rom.Fig.-6, where this.range.corre-- nected into:an energy.tra_nsmitting system sUCh. 

sponds:roughly=to the portion»of the. curve-to the,.- 
left«O$ .ordinate. a Thë impedance Z is there--. 
fore:essentially.:a linear.impedance in this range 
and_substantially:does net _varF with E. :Suchan 65 
ad]us.tm¢fit::is m0:.edity_made byselecting..or -. 
adjus.tilg.:thaolage E0 :produced _by the_:.oltage.. 
source:.9,-te bave a value 'large::(more than_ 10 : 
time;arger.) ,in omps, çison .with the maximum.: 
expec.ted:value of E. :Accordingly, the bunching 
paramee::r, wfll.range« in ,value:item zero-.te : 
r=a .in i..;6 .... 
For- largm. alues of .r, as indicated.above, tha :. 

as 4L";the lo_o..wer t.r_armittetl along t.his sys. 
rem frm. a source..$/at.=one end. te a loàd or  
uti]iztin_ device _.t.theofJaë]:..e.nd.car be con:. 
.trolled_by dJnsting.JLhèZoper sting= .po renflais _Eo,... 
E.ïanoE E: Of Shë varibl6. impedance..device  §. :. 
Acc.ording]y'for lle. as a _n.ampliudemodulating _.  
dev.ice,., a modulating.signal, source,...which :rnay. 
for:.example_ be,:a.Source.of voice.curents or.o,ther.. 
intelligence, signalsAs connected te..v,ay, any_one_,  
or rnor.e_of these.woltages... For, :example,. ,in one: 
embodiment, a. mollatings_ign_l source.$ .may. 
be ._conneted., in series.with,£he...oltage.source ,. 

imldance,Zb ïS nonlinear ith respect, te .E. ,, $ !':s0.as_. :alTthe.v.eltage eçween the rêflecor_. 
This5¢har.acterisi«_rnay:serYe..a highly_._use..:75 R nd-thoEgap,grid._G,_in .sccerdance.vith 



13 

modulating signals and thereby produce a-corre- 
spondingly varying impedance across the wave 
guides 45, 45', se that amplitude modulation re-. 
sults. Alternatively, the modulating signal 
source shown at 53' may be connected in.series 5 
with the control grid .voltage source 32 te varY 
the control grid voltage by the modulating signals 
for producing modulation of the ultra-high 
frequency energy frein source 3G. by the modulat- 
ing signals. Also, modulation may 5e produced 10 
by use of the modulating signal source 53" con- 
nected in series with the voltage source 29 t0 vary 
the beam voltage Eo by the modulatng signals. 
The modulating signal sources 53, 53', and 53" 
may be used singly or in combination, according 15 
as different modulating characteristics ae de- 
sired. Itis preferred te use the modulating sigr 
nal source 53, since here a lower amplitude of 
modulating signal and lower power output frein 
the modulating signal source is required te Pro- 20 
duce a giron intensity of modulation. 
The variable impedance device of the presefit 
inventionls also useful as a tuning control, as 
fllustrated in the block diagram Fig. 12. In this 
figure there is schematically illustrated an ultra- 25 
high-frequency oscillator 54 having a cavity: reso- 
nator as the tank circuit or frequency=determin- 
ing element thereof. Coupled te the reSonator. 
by a suitable high frequency energy conductor SG, 
preferably of the wave guide or.coaxial line type, 3O 
is the variable impedance device 25, similar te 
those shown in Figs. 7,-8 or SA. Also coupled te 
the variable impedance device 25 by a further 
conductor 5' is a suitable non-refiecting ter- 
minating impedance 57 of any conventional type 35 
adapted te absorb all high frequency energy in- 
cident thereon se that no reflections or standing 
waves are produced. This terminating imped- 
ance may be another variable impedance element 
according te the present invention, as described 4o 
above. As discussed above in the general dis- 
cussion of the characteristics of my variable im- 
pedance device, thiS device 25 may be adjusted te 
have widely varying pure reactance, either nega- 
tire or positive in charater; that !s, either in- 45 
ductive or capacitive reactance.-When_ such a 
reactive impedance is coupled te :a resonator, 
such as that of .oscfllator 54 a change in the 
resonant frequency of that resonator o.ccurs. 
Such change .in resonant .frequency .necessarily 50 
produces a change in the output frequency of the 
oscillator. The reactance of the variable Imped- 
ance element 25 is readfly adJusted under the 
control of the variable voltage sources 3 and 32 
connected te variable impedance device 25as 55 
shown in prier figures. Accordingly, this ap- 
paratus produces a readily adjustable oscfllator 
frequency which is variable over a wide range 
and can be adJusted manually by manually ad- 
justing the impedance-controlling .voltages EG, 60 
Eo, and ER, or automatically by. controlling any 
one or more of the voltages by signals derived in 

quency modulating the output Of an osctllator, iç 
is mainly the variable rectance qualities of the 
variable impedance device which are used. Ac- 
cordingly, a highly useïul operating condition ls 
-that for which the resistance Rb is inflnite or 
conductance Gb iS zero. For this condition, ç ls 
adjusted te make the reactance a maximum, and 
the Q of the resonator te which the device 25 is 
coupled is net lowered. The magnitude:0f the 
reactance is thon readilY adjustablë b vrying 
F te Vary Io. Thé polarity of.thëreáctance can 
be reversed by atëring ç by 180% as b:y resetting 
th Value ofEm Ordinarily, in this tYpe of oper- 
arien if is most desirable te have a.small ratio of 
E to Eo. 
This method of %uning or modulating is esPe- 
cially advantageous in those ultra-high-frequency 
oscillators where it is ordinarily impracticable te 
var,/the resonant  frequency of the resonator by 
mechanical distortion or alerafion of the shape 
of the resonator. Magneron: oscillatos of 
types form one class of such bscillatorS for yhich' 
the present invention has  especiállY bigh utilitY. 
In many types of radar systems, such magne- 
tron devices are used te generate periodic high 
intensity pulses of radiation. SuCh a system is 
illustrated in Fig. 13A where the magnetron os- 
cillator 54' is-controlled by the pulser ïse. The 
resultant high intensity pulses produce a very 
high voltage between grids G, C of the variable 
impedance element 25. T0 maintain  suitable 
vCue of bunching paramCterr ata useful value, 
the beäm voltage Eo Of the variable iïnpédance 
device is pulsed in.synchrónism with thè magne- 
tron pulsing. Thus, he pulsêr | Se has its ëutput 
supplied te unadjustable :volfage divider 
whose output in turn is Cormected in series with 
cathode K and the beam voltage source 2. In 
this way, the beam Voltage is maintained small 
for small or zero magnetron output, but is greatly 
increased as the magnetron oufput (and conse- 
quently E) is pulsed on. In this way, r can b 
maintained constant despite Variationin EI Tfln- 
ing is accomplished by varying the refiector Volt- 
 age source 3 or the beam  voltage source 
Medulátion may e effected by cormecting modu- 
lating signais in series wifh refiect0r 1 or cathode 
K. Control grid CG may be Used,-if desired, in 
the mariner described hereinabove,  
  The Present method of :tuning or m0dulating 
is especially advantageous when used. with ve- 
locitY modulation or klystron devices Fig. 13B 
shows how this method is applied t0 a cascade 
amplifier klystron  such as of the 2K35 type, 
shovn schematically in this figure. In such a 
klystron amplifier, the inpUt signal frein a source 
22 i c0upled te aninput resonat0r 3. A sec- 
ond resonator 24 sèrves te amplify the signal, 
and an output is derived frein a third or ofltput 
resonator 25 and is supplied te a suitable load, 
such as radiator . An elèctron beain is pro- 
jected successively through thëthree resoriators 

response te the frequency-condition 'of.oscillator :. te provide amplification,  . ' .... 
54 in any conventional: manner: known in the In such n amplifier: the/0utput amplitude is 
automatic frequency control art. ::,, . -- . 65 a functin of the resQpant freqUency of.th e.sec- 
FrequencY modulation of. the output of he end resonator 24. :According te the presen in- 
oscillator 54 can also be readily produced by con- vention, thë variable impedance element 2G is 

necting a modulating signal source shown at 
in the circuit of the variable impedance device 
25 in anY of the waYs illustrated in Fig. 11. 
If desired, the non-refiecting termination .57. 
and its connecting conductor 5' of Fig. 12 may 
be omitted, as illustrated in Fig. 13. 

coupled te this second resonator i24. " Thus, by 
adjusting tle potentials applied te impedance 
7O element 5, or by varyin$ these potentials in 
accordance with modulatnig signals, the output 
from the amplifier  2  is corresp0ndingly adjust- 
ed or amplitude.-rnodulated.. 

In each of.Figs. 12 and 1S, where the variable However, when .the res6nant frecuency of the 
lmpedance element 5 is used for tuning or fre- 75 'amplifier res0nator l varied, the relativë phase 



of ,he»oscfllalon.ithim,»he.tesonaor-,..fo .the 
resonantïreque.ncy_. eompo.en :of .the:.,.bched .- 
eleron -beam.-.cuen is ied,,¢esing.An :a .- 
sligh,«aunt -of »:phase modu.laonAn, addition .. 
llï, pueamlitudodulation, ,the.esonnt... 
freqecF.ef the mpl.esonaris left .un-: 
chne»bu[i: i vaied.in.accodance.with. 
theontrol, or.edtin sinal.bY,controin 
the,aible-ance.deice by .that si¢nal, and,. 
Prduesunt,-impedance,.valu-hich 
sisnce ,-followi¢:. the .$hèor.ecal consideation..: 
disced,- bove.« .It ,ill :.-dSed .that if .. 
the output cavity resonar of an ampler is .15 
detned,=th/amplite ml cesponse ¢oes_d0wn; 
but», e elafve..phase.f th bched beàm 
rent n.:the,.outpu$. resonar, volta¢e is also   
chanced ..t.-he_amplitude mo.dation pro . 
du¢e..by, ain:he: esonant -ïequency. oï the .20 
output,,resor.»,.is accompied -by.a te of 
phasemodulation, Howeçe,.if th esonant.fre.. 
quencF, is ket fixed,andï,only the .Q is chaed, 
pure amplitude modulation: is obtained unccom- 
paed by.hase or, fruency modulation,  
otheway» .obtain pue. amplitude moduq . 
la,on.or adjustment ts ustrated,schemticay 
in . /13C .:which shows .,an,, oscfllator-buffe: 
ystron, I ], suoh,,,as  of the,.K34 type.  Such ._ 
klysto so .iclude: tee r.esonars ,I 8,. I 
18;«the flrst ;two:being:coupled by a feedback,  
coecion-I  I and frm,,.oscillar.section .... 
e4ast:esonar-18,ds an.-outPU, or buffe 
resonar., coupled- the,load,I .; -Output reso-. 
nat.::l,s. oFelectrocally coupled fo 
theoscfllar: secon, and:..its .loag does .hot, 
affe,,the..outputequncF;.. Hoever, ,the out- 
pu amçtud depends on-he.tgof resonator 
I, which,may-be varied or modulad .by-he_ 
vaibleAmpedance elemet.. .coupled_thereto. 0 
Aai-pe amptude ustment or motivation 
 pr0duced-by adjustin the,potentials-app!ied 
to .impance,element.,,or by varyin .these,  
potentials,bF-mod, utat ls.., ., 
A furhe use:.of.the-:çariable ,impedance ele 
ment of the;.pesen,ention is as a er.di 
vide«:: -isïiustrd4n Fig; 1....  dcussed 
relative  .Fis. 9. nd:l,1,-the aable. impedance. 
element , when-,ised between-a source 
anda load:,or utilaon, dece,..such as $], can 50 
serve ,o con-trol ,the, power.., flow--between., the 
source and the çload,::by. vain-he, impedce,,. 
matchbetween -source and. load, . In i. 1. 
sinle;-sotce  :,feedstwo separate loads ]'- and.. 
]V. " Inteoed:b.eteen the,souce  and each 55. 
of-he,loa $.]',]'-'.is a..respective variable, ira- .. 
pedance elemen.ç, t,and .,,., of ,the. te. dis- 
cussed:aboe.ï.,ï-BFadnstment :,of the.- voltaes. 
applied.to therespective electodes of these. 
pedance, relemen 2« and. 2', the: amount, of 60 
power deli, vered :bF .he..source $.  th.loads ]' " 
and-]Z.ca ,be,indiduallF:controlled... For 
ple, bF such adjustmenta.fixed, pecentage of 
th Power output from.soce, may be supplied 
to ld.' .theremaier,going. load $"; 
One appcion,ef, thiastem of ig: !4 migh[ 
be in momg_-the:Dower o from.a soce 
$$-. a useful 1$]'.,. wch_case, the other 
loaa.:$'::, might be. ,a, wattmer, or other 
indica£ing,eice.,,,.e .arble impedance ele-. 70 
men_l.and:$ff/are.th udjtedso that 
smalLflxed.percenge,çf the wer flong from 
soce $ wfll flo thé .morg-dev}ce 
the.remainder flowing t9. the.useful-load '. 

rective antennas£ructur.es, producing.ovèrlapping 
radiation.: Patterns.,:,.The. variable impedance..ele,,, 
ments. 25' ,and.,25':': would, then. be :moduiated 
suitable square,wave signals of .respectiFely p,. 
po$ite.pha, and. of. l:espective .amplitides so that 
fo:-one,halfcYcle .of these, signals one.of .the 
pe.dance, elements.is -thrown .into, a condition .per,-. 
mittinfee passagevf energy, from the source 3  :,; 
 to,.its= eorr.espending_.antenna while ,the othér, is 
put in a, condition completely_ blocking such en,... 
ergyflow..to £héLother. :. antenna... For: ,the next 
half-cycle,/enegy,flos.to the otheantenna, 
andnot to the/firSt antenna-.. In this.aF thetwo. 
antenna 2ogds..$.]' .$ ]': would/be.altemately ,en 
ergizCd, ,produing_alternate .overlapping radiant. 
energy/beams.hich,may serwe to define a course 
for.guidarice .of aïrcraft Or othei' .vessels, by their 
interaction.or equirintensity.axis. . . 
 Ttiîg is illustrated:-inFig.15, Wherein .two di- 
rective antennae-.@ ! o and 6-are shown having 
slighly overlappi_,lg,,highly"directive,, radiation " 
paerns.: These antennae.,are illustrated as be:e 
ing/electromagnetic horns, but. any. other types 
.Of antenna°maybe used=. Each of .these antennae 
6 [, 62 i fedby a respective ultra-high-frequency 
conductor $, 64"in which are incotpor.ated re- 
spective variableimpedance elements25' and.25 ..... 
simflar :tO :those discussed above.. TI .conduc- 
tors6$ and-4 arejoinedto a commonultra,high- 
frequency--uonductorç]and:thereby to.a source 
8-of-ultra-highrIreuency energy to be radiated_ " 
fr0mrhe antennae "6[:'and-62. "The energy-is al- 
ternately emttted fr0m :the respective antennae 
6[ and 62 underthè"control of a switching-voltage 
source :6/which: preferably produces-:a square-- 
wave outpu..Asshovn-by way of illustration ,in. 
Fig?'lS, this Switching--voltage..sourc e 69-is cou- 
pled:-in opposite  ph.ase-to the respective control 
gridS.,of the impedalïce etements 25',.ánd 2 '"and 
thereby serves, o a-lternately-bl0ck-,.and. unlock  
the :qondctors .6,$ and 64in opposite Phase so as 
to alternate t-he-energizaiol-Of, the antennae 
and 
If :desired,=.theradiatien »from-each-of the two- 
overiapPing-pattérn anténnae 6 [,'62 can-be sepa- 
ratelyidentified by ïmPressing separte modulat- 
ing'signals'here0n-b:Tliësysterti of Fig. 15 readily 
and 'convenienttyPermits:such .additional mod, 
ulation» Thïï», as shoivr in this fig-dre, separate 
modulatingçs0urces $;:8/-5f respective modulat-, 
ing ;fretluencieS A, ]2, may=be connected in series 
with:':the :respectiVe: adjustable refiector voltage 
source of impedance eleménts 25'; 'ï so as t5 
modulate, thë: energies:-transmitted álong con- 
ductors 65/::$4 gnd.,radiated from antennae: 
6 by theserespectie, modulating frequencies.A 
and. ]2, :and: :thereby ::to identify the respective 
radiated :beam. /In this WaF separate, alternate; 
overlapping, and sèparately- identiflable radiation 
.Patternsare protuced« Whic,h are highly useful 
m the :radioJguîde-of Vehiclès. By the use.of 
sine wave. output :fr0msource :6, the antenna 
radiatioï:,patterri. can,:bè =smooth-]y scanned be- 
.tweén two:exteme positions-,. :: 
As a still further 'apP]-icttion of the novel vari- 
able.impedance, element-of thë:'present inen- 
tion, it maybeutilizèd:as-an.extremely wide- 
hand:noise:voltage source.: This is illustrated in 
Fig/-.,16: '"In calibrating'.receivers of ultra-high. 
frequencies,- an--important characteristic deter 
mning the :usefulness-.and-efliciency of such.re- 
cmversis the -lowest signal level which Can- be 
received in compa_rison-o he?noise level. 
-c°.ding!, standadnoise!sourcésareequired for 
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mesuring sueh signablevel, any e!ecr.ondis- noise .f-reclnenc.alues intermediate those shoW 
chare amplifiez  device,-noe voïtaes a'e: pro- ïn Fi. 1. 
duced, due in large measure..o .the socalled  Fig 16hows a sstemadapted to.produçe such 
shot"-effet..In-ordary operation, when. an noiesigna ' .Ïn,thflgure the Variable - 
input .signal is: applied o..the ampiifier device, 5 penceéïémen]i, 0f te.same tpe)as diScussëd 
the noise-vol%ages,:.being of rela%ively. 10w ara- abe,,having n electr0n trait te oe in the 
pHtude compared to thë useful signal, are negl{- fido -d,spceèes.%0pr9duce  hengise 
ib]e. However, when no mpu sn s ed. n «pe.Shi-i: l. / v.%bt - 
amplifier ofhigh amplca%ion-fac%or, substantial pedacèê]ément ]«-wch.maY.De l°cea .c0se y 
noise vol%ageis produced..In.%he noise Sources in 
.general.use'for ul%ra-high frequencies on arel- " en% trait.te T.,.:.and.aCC0ing ly pr0ducës a 
 ative:narrow band offrequencies of noisecan be -frequency.SPectr.imfiar/% 0 mg. :1.7,. bt s- 
produced.in view. of/the fac% that alïsuch/kn0 wn pldced. fth epëct there%o..and .thus suppnes 
o%her.frequenc mponen absen% from.hé0u%- 
noise- . sources .u%ile resonan% circui%s which " 
neearfly limit..%he .bandwid%h 0f..noie .Vi%- 
gesproducd.. he. .prèsen% invën%i0n/.ptovides  amplifgJ/sme of,he noise compnes prauce 
quecy e.ctm or bandwid%hëf.mgkedly 
higher_order of. mag%ude %han those previously preèn% SZahding.w&yes-bFfeCion,if. ces . , 
,Mnwn. For ..example, noisê vol%ages .%hefïe- -al.mogh %hiS 
quencly range-from300 o 30,000 :megacctesper 0 « %hër ariable pedance. elemen ]4, ], 
second .(one.me%er ,o one Cenime%erinïwave- e%. 
length) may be simul%aneously produed. 0ther noise ourc or as :,amplifiers or repeaters 
.... . . and 0 in6reasé"he!e l,0f'%he, noise signal % a 
.._  «indica%ed .above in-the' scus0n: o :hë .eul  u%P levël.  A çhe sae .ime çhese' fur- 
-general chraceris%ics,of my. net lmpeaane 5 thm: e]eënS ]4, ïa, .Cc.,"m¤y be adJ%ed  %o 
.element,/%his pedance:. elemenç..has negatl[e add othe f:eqen9 c0mpnë%so he noise sig- 
rgsistance .tand .accoïdglY. sexes as an ampn- ndl,/wheïe Çiïd. :ep.%pfi t" derivd fm 
-fier) for..those values-0-.ç foi. whic :.coe-.  is es'evies "W-h.ordingly have n6ise .fre- 
eg?e.. S%a%ed. in other .wor«s, sucn negaive 
..res%ance is roduced.for:an..eiecçron.%ransït ime 0 quenY[c0pn P'ad 0ë an ëxdéengly 
Wide frequenY banni; nY 0c%aves ïn extei, .in 
.N..of valuebe%ween- p and pV2, Where p i any markèdc0mPafS6n6pgïodeviceS mwhich 
 posi%ive ,inger. .AccorlY, amphfied noise 
vol%ages will be produced by such á device.in%he ,he.:feqhëCdï -°f%he0rdër0f a fèw 
,fruency ïanes for wmch the.pàr.%icular eïec- Per'n%": ëenë£ëqenc#" .......... 
.%on tasit .time of%he device correspond to 5 he çresent-invèion/uh s m:Fis] 7 hough 
the meal be%ween.an ingral nbe of ' iT,:%ëv:ialëïmpedahcelemén-of the inven- 
cFcles of %ha%frequenoY " andJ9¥2. ' .... 6n ishën:as:C0rP 0ràed:direc%ly in %hewave 
-.. is. is schema%iclY iHus%ra%ed in.g..l,«in .gufdë-%hi.0hh!h%9_high_frequency power 
:which-noise-.lev el-is .plotted .agai% .frequency. 6sUdee, :%hï*dS flot-a esseh%{al bondi- 
.For a particar %ri% %ime , ,there :wil.l.-be a 40 
.freqency ]» for which %his .trai% %ime is a.half-': [%ion.-/on- thë contrary/ïn £ of%hee sy%ëms, 
m.s wi%h.-hëmaidvëtgufdê br bhé high 
.cle.. equency ] is %he frequency for which the variable ipance element maybe 8ónneoed 
.mS..sametransit.ime TCOn' 0nds fo onefl fïequ6Y 
cycle. ïBe%ween frequencies ] .ad b he:Ya riàble 
impance element serres aS an.phfier/and.has :quál-.wH,çThisïs[ll%ra,ea-  oe,ig.,,  wmcn 
5 sh6s agenërlY sem/iil£ o-%h-0së bfhe 
nega%ive resis%ance.,, and accordinglYP "0duces 
<noise :vol%ages-which are distribu£ed .thr0ughou% «$ows.-theuilitfo devïc@]thr0ùgh "he 
%he .fl;eqencY. range ]» o ]2.- e *frequency.. ] . %rmh.freqén # ençy-snduo-s,. ibh 
isthe[lowes% ,frequency coponent of the_noise :50 allelirè transmis0nli: Thë VaHablïm- 
.snals,.poduced. similagly, frequencF]3 .rePre- m-be a.wae gde .or a  line or a par- 
:aen the .frequency ' at wh.ich »%he given rai% .èdance ëtëent 2s is-dbflpled e th m£incon- 
te-ç corresponds.fo %.cycles, and.thefrequency uct6r 
.cFcles... Beween ]3 and ] " _ .  ." « Of. èlemen .2 '.my 5e afiy -0f thèsddedgibed 
produced. Similarly,/ Rnd ] ae:%he.eqencie  5 -abCe /  his .yany: mbedde .vriai6d of 
'thre cycles,. ïespectZwly,. and b   ;hod 
moïe. noe .ot ae pïoduced.  Theïe are st 
simila fuheï raes of noise fïequencies p.e rt-bsntiaF ëame hUtë le- 
 tin frequenc, af which he eciency oï. the 0 ment.2  wee r  ooï:d ïn the con- 
voltageare iigficant,. No aimeul. xzs.  
proucing such noise v01tages over at le stable ëm ë ,ïëk hethrsidè of 
.such ,frequency. rang, coerg-he- range e,Uu the'»..elCent2 « preveh thë  pearafice of 
._. 12,000 megacycles per second,.fo.r examP   65 
.Accordingly if n be seen .hat. he deC of 
thepresn inentionprodues:-series of- equally isics.-of the elemen 
. :eParated frequency. sctr, in -which: nee...  . ïn. the emooemëuts of. the invention and their 
.produced« .sond variable impedance element .. apphctïons -crib. bovè  thë vrbié  im- 
oe soï,be inclded-hav a fferent trsit 70 pedance elements 
;time.T«such.that, corresponds oone-half cycle "  irectly..with,wave guides. Of course, hey can 
-.ufihis trait.ime, and « corresponto, one fl eully wèll/beuilized  h  ohe ypës of 
ccle/This:second de.ce i.-have a .sflar high.frequëncycndhc0:sysem . -Fig/19 shws 
 noe-ecrum»  bu dlsplac:re la-ire 0 that  0f an em0diment 0f a ai'ibie freqën ëleCt 
 -théflrStdevice, d' wfll».thereby serv 0pply. 5 ïParçUlari. pt.fo e/withçiÇheç- or 



20 

with other high frequency conductors havlng 
one grounded terminal. 
In this figure, the heater H, cathode K, con- 
trol grid CG and refiector R are the same as in 
previously described embodiments. The enve- 
lope E of the device is is preferably of metal con- 
struction conventional in the electron discharge 
art, the various electrodes being connected fo 
lead-in terrninals passing through small insu- 
lating seals in the envelope. 
The device of Fig. 19 differs from those de- 
scribed in Figs. 7 and 8 in that the grids G1 and 
G2 forming the gap are replaced by a pair of 
diaphragms D1, I: connected fo the inner me- 
tallic wall of the envelope E. Diaphragms D1 
and D2 are centrally apertured for passage of the 
electron stream, having either a single opening 
or a grid-like structure at the centers thereof. 
lYlounted between diaphragms D1, D and insu- 
lated therefrom is a cylinder C surrounding the 
electron beam path. Cylinder C may be provided 
with grids across its ends, if desired. The dia- 
phragms D1 and D2 together with cylinder C 
form two ga.ps, separated by the length of cyl- 
inder C. This cylinder C ls preferably selected 
to bave a length substantially equal to the dis- 
tance traversed by the electrons in one-half 
period of the operating frequency, so that the 
electrons experience sirnilar action at the two 
gaps. Cylinder C is connected to two lead-ins 
6§, 66 passing through insulating seals in the 
envelope E, and is thereby connected fo the in- 
ner conductors of respective input and output 
coaxial lines 19 and 26, whose outer conduc- 
tors are connected fo the metal envelope E. These 
lines 119 and 126 serve the same purpose as 
wave guides 46 and 46' in Figs. 8 and 9. The 
apparatus of Fig. 19 may thus be connected in 
any of the systems described above, and will 
operte in the same manner as the devices of 
Fig. 8 or 9. 
In the embodiments of the Invention and their 
applications described above, the variable im- 
pedance elements of the present invention have 
been utilized directly in conjunction with ultra- 
high-frequency energy conductors of various 
types and have been shown to provide variable 
impedance characteristics highly useful in nu- 
merous different ways. However, the present in- 
vention is not restricted to the use of the im- 
.pedance element in conductors. The variable 
impedance element described above may also be 
used in conjunction with a resoriant circuit, 
preferably of the cavity or hollow resonator type. 
This is illustrated in Fig. 20, where an im- 
pedance element 26 of essentially the same con- 
struction as that shown in Fig. 7 is illustrated 
in conjunction with a cavity resonator 21. The 
cavity resonator 21 is formed of a Pair of cylin- 
drical conductive members 76 and 77, respec- 
tively engaging the grid-supporting plates 4 and 
42 af one end. This engagement is preferably 
frictional so as to permit replacement of reso- 
nator 21 by other resonators of different char- 
acteristics where desired. The cylinders 76 and 
77 are joined at their other ends by a closure 
member 76 to complete the enclosure of the res- 
onator space, which is accordingly that space in- 
cluded between cylinders 76 and 77 and between 
plates 41 and 42. 
It Will therefore be seen that the resonator 21 
is essentially cylindrical in shape but of re-en- 
trant configuration, and having the electron 
stream from the cathode K projected acr0ss 
the re-entrant portion by way of narrow gap 
between the grids G and G2. The circuit and 

voltage sources associated with the impednce 
element 25 of Fig. 20 are the same as those 
shown in Fig. 9 or 11. 
If desired, the impedance element 26 may be 
5 integrally incorporated with the resonator fo forrn 
a unitary device. This is ilïïstrated in Fig. 21, 
where the grid Cr is supported in the end wall 62 
of the resonator 2'. Resonator 2' also bas a 
cylindrical side wall 63 and a fiat end wall 64, in 
10 which is mounted a re-entrant inner cylindrlcal 
wall 66 supporting the second grid G. Cathode 
K, control grid CG and refiector R are aligned 
with the gap grids G and G, as in the preceding 
forms of the invention. 1efiector i may be sup- 
15 ported by an insulating or metallic end bell 66 
sealed fo the wall 62. If a metallic end bell 66 
is employed, means must be provided for insulat- 
ing the reflector R from grids G and Cr. Siml- 
larly, the cathode K and control grid CG may 
20 be supported by a further insulating or metallic 
end bell 67 sealed to the other resonator end wall 
64. If a metallic end bell 66 is employed, means 
must be provided for insuiating the cathode K 
and control grid CG from the grids G1 and OE. 
25 Coupling to the resonator 2 ' is effected by a pair 
of coupling loops 66 and 69 connected to respec- 
tive coaxial line terminals 96 and 9. Vacuum- 
tight seals 92 and 93 between the inner and outer 
conductors of the coaxial terminals 96 and 9 
0 maintain the resonator space vacuum-tight for 
] passage of the electron stream. Sirnilar coaxial 
line terminals 79 and 6{} are provided in the de- 
vice of Fig. 20. 
The devices of Fig. 20 and Fig. 21 are useful 
35 in the same manner as discussed above with re- 
spect fo the impedance element of Figs. 8, 7 and 
SA, the major difference being that the im- 
pedance value offered by the devices of Figs. 20 
and 21 now consists of the combined lmpedance 
40 of the electron stream and of the resonant cir- 
cuit of the resonator, the electron stream being 
effectively connected in parallel with the resonant 
circuit so that the admittance value of the stream 
is added directly to the admittance value of the 
45 resonator. 
This situation permits the combined resonator 
and impedance element of Figs. 20 and 21 tobe 
used in exactiy the same mariner as discussed 
above, the resonator then being normally tuned 
50 to the operating frequency. However, one pre- 
caution must be taken, similar to that noted 
above. If the electron beam conductance C pro- 
vided by the variable impedance element 26 is 
negative and has a magnitude greater than the 
conductance of the resonator 2 or 21' combined 
55 with the conductance of any load connected 
thereto (such as the utilization device 37) self- 
sustained oscillations will be produced in the 
resonator 2, even though source 36 were dis- 
cormected. Such oscillations are undesired when 
60 using the device as a variable impedance element 
or in any of the uses enumerated above. Accord- 
ingly, in the use of the device of Figs. 20 and 21, 
the beam conductance, if negative, is always 
maintained at a magnitude less than that of the 
65 impedance of the resonator and load combined. 
Of course, if the beam conductance is positive, 
no diflïcuity of this type is experienced. This 
condition is maintained by the proper adjust- 
ment of the refiector potential Er or the control 
70 grid potential E or by proper selection of the 
impedance of the load 37 in relation to the other 
parameters of the system in the manner discussed 
above. This condition is termed a "Passive" state, 
since the variable impedance element then can: 
75 not oscillate. 
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Parallel resonant circuit formed by capacitance 
C and inductance L connectéd across source 36. 
The losses in the resonator are represented by 
the shunt resistor Rr. C0nnected in parallel 
with the resonator 2! is the impedance ZL of 
load 37. The parallel connection of Rr and Z. 
produces a resuitant impedance R', in the nota- 
tion used above. 
As shown above, the effect of turning on the 
electron stream in the apparatus is the same as 
connecting .an impedance Zb in parallel with the 
resonator .21. This alternating current beam 
impedance may be considered as parallel-con- 
nected resistance Rb and reactance Xb, giron 
by Equations 6 and 7 above. 
By virtue of the conjunction of the resonator 
2! or 2 ' with the variable impedance element 
2§ provided by the electron-discharge portion 
of the aPparatus, further uses are possible in 
addition fo those discussed above. In normal 
 operation, a cavity resonator, such as 2! or 2', 
bas a deflnite resonant frequëncy and a deflnite 
merit.factor Q (usually deflned as the ratio of 
stored energy to energy dissipated per cycle). 
The device of the present invention illustrated 
in Figs. 20 and 21 permits accurate and easy con- 
trol of either or both of these factors. 
It.will be appreciated that the effective react- 
ance Xb exhiblted by the electron Stream is con- 
nected in shunt with the resonator, as shown in 
Fig. 26. Accordingly, the resultant resonant 
frequency of the entire device including the 
resonator and the electron stream, will vary as 
the beam reactance Xb is varied. Similarly, the 
energy dissipated in the resonator device may be 
readil: varied by varying the effective beam 
resistance Rb connected effectively in shunt with 
the resonator, as illustrated in Fig. 26. In this 
way.the Q of the device can be adjusted. Figs. 
27 and 28 are experimental curves showing the 
v.ariation of resons.nt frequency and of Q, re- 
spectively, with variation In the phase ç (pro- 
duced by varying E), for a flxed value of input 
Voltage E and fixed E0 and EG. Accordingly, this 
apparatus can be utilized, for example, wherever 
a variably tuned cavity, resonator is required. 
In addition fo permitting variable tuningover 
a wide range of resonant frequencies, the Q of 
the resonator, which is a measure of selectivity, 
can also be independently controlled.. One such 
use for such a device would be in a mu!tichannel 
receiver. Here the resonant frequency, of. the 
cavity resonator (which might be c0RPled di- 
rectly to a receiving antenna serving as the 
source 3 of the previous figures) can be Shifted 
In tuning from one channel to another merely 
by changing the operating voltages, preferably 
EG and/or ER. ThUs, a simple switch might be 
provided changing the voltage ER in steps, each 
position of the switch thon c0rresponding .to a 
single channel. Altemaatively, the tuning of the 
resonator device may be effected in response to 
the frequency of the incoming wave, by a suit- 
able automatic frequency control circuit, s0 as to 
maintain the tuned circuit 2! or 21' in fesonance 
with the incoming ïrequency. At the saine time 
the selectivity can be independently controlled. 
As shown in Fig. 28, a wide range of Q, and 
hence of selectivity control, can be obtained. In 
addition, byproper adjustment of I0 to a value 
which completely prevents any oscillations what- 
over (that is, to a value below the startingcurrent 
necessary ïor a reflexoscillator) the Q can be 
ruade theoretically inflnite when operating with 

input voltages producing a value of r in 
neighborhood of 3.83, as shown in Fig. 6. 
The present invention also provides apparatus 
automatically variable in Q as the signal level 
5 changes. For example, when the signal level 
decreases, if is advantageous to increase the Q 
in order fo discriminate more strongly against 
noise voltages, and when the signal level is high, 
lower Q and broader selectivity may be desirable. 
10 These features may be obtained, according to 
the present invention, by adjusting the operating 
point of the variable impedance element of Fig. 
20 or 21 to a condition such as at c in Fig. 6. 
For this condition, an increase in E produces 
15 an increase in r which causes a decase in the 
magnitude of the negative resistance and hence 
a decrease in Q. Conversely, a decrease in E 
produces an increase in Q. 
It is also possible to vary the resonant fro- 
20 quency substantially without change in Q, that 
is, to produce a variable frequency constant Q 
circuit, which is highly advantageous in fllter 
work. This is illustrated in Fig. 29, which shows 
an admittance plot in which the ordinate axis 
25 represents susceptance Bb of the beam and the 
abscissa axis represents beam conductance Gb. 
As indicated above relative to Fig. 5, for a con- 
stant value of I and variable ç, the admittance 
values of the beam bave a locus along a circle 
30 with the conter at the origin. Such a circle is 
shown af c in Fig. 9.9. To produce variable 
resonant frequency for a resonator incorporating 
the present variable impedance element, if is 
necessay for the susceptance Bb to vary over a 
35 wide range. Accordingly, for variable-frequency 
constant-Q operation, the admittance Yb of the 
electron beam shouid vary along the line It. This 
can be readily obtained according to the present 
invention. As noted above, for a change in 
40 both Bb and Gb change. By simuitaneously ad- 
justing I0 by control of EG, the value of Gb can 
be kept substantially constant while Bb varies 
widely, thereby producing the locus It as desired. 
This, of course, requires simultaneous control of 
45 both ]G and E in non-linear fashion. Such 
control can be obtained in conventional manner 
by suitably designed non-linear ganged voltage 
dividers or by suitably designed ganged cams 
operating linear voltage dividers, such as in the 
50 voltage sources 3! and 32. 
Another type of operation possible with the 
present device is as a constant-frequency vari- 
able-selectivity tuned circuit. Such a circuit is 
almost impossible of attainment at ordinary fre- 
55 quencies or with ordinary devices, but is readily 
provided by the present invention. As illustrated 
also in Fig. 9.9, for constant frequency operation, 
the susceptance Bb of the beam must be main- 
tained constant while the conductance Gb .varies 
60 fo produce variable Q. Accordingly,/the locus 
of beam admittance points must be the line 
of Fig. 29. This is also produced in the same 
manner discussed above with respect to the locus 
l, by ganging the E and EG controls, but in an 
65 obviously different manner. 
However, in this connection, certain restric- 
tions on the range of variation are imposed by 
the fact that self-sustained oscillations must be 
prevented. As noted above, if the combined pos- 
T0 itive conductance of the resonator and its 
ternal circuit is less in magnitude than the neg- 
ative conductance of the electron beam, self- 
sustained oscillations are produced. This pro- 
rides a limit in one direction for the variation in 
5 G and hence for the variation in Q. As the value 
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ultra-high frequency energy, and a passive non- 
ocflïtbrYelectronadischarge device, coupled to 
sidoridUcfo betweèn said source and utiliza- 
ti6fi- déqice, - said discharge device comprislng a 
5 paï off èlêctronpemeable electrodes coupled 
both Sid"önductors, a cathode aligned with said 
electrode on onè side thereof, and a reflector 
elCode "aligned with said cathode and elec  
tode on thë other side of said electrodes, po- 
lO. teritial- supply meàns coupled o said cathode for 
acceleratin electrons fröm Said cathode through 
said-electrodë, and potential supply means 

fuiher-including-a second coaxial %rànsmissiOn 
55 lïnëhaïin$.ffinner cdnductor and_ an. ou.te.r con- 
- ducor: connected resPectively to sala mecroe s 
d constïtuting an output connection. " 
' 7  )ariá]leimpedanCe deice for ultra-high- 
frequencies comprising an inpui ultra-high-fre- 
6o quec energY conductor, an output ultra-high- 
fr-eqfiencyenèrgy conductor, a cavity resonatbr 
couplel to ith sail conductors and havin "a 
pair of adjacent electron-permeable walls, a cath- 
ode oppòsie ne of Said walls, a reflcor électrode 
65 opposite the ïther Osaid walls, means coupled 
to Sid': Cathode for acceleating tl]e electrons 
therëfrom 0. ass hrough said Wails, and :a 
sOùrë o poienil couPled to sid refléctor  elec- 
tode for causing  the said electrons to re-erter 
70 sd 'resonator whilé preventing the generati,o 
of. self-sustained oscillations therein. 

ultra-high-frequency input Conduct0ddapted fo 8) The method of producing a variable passive 
l,:ouPied t0 a -source of ulra-high frequ'ency impedancUseful t utra-high frequencies, coin z 
energy, h:ula-high frequency Output conductor psïng thé stePs: Of producing a stream of elec- 
àdapd rb bè oupied 0g uiliïtion deice for- 75 £oris;subjectirg said electrons to the actiorof 
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an alternating electric fleld in a predetermined 
region to produce periodic velocity variations 
thereof, causing said velocity-varied electrons to 
forma pulsating electron current having a com- 
ponent of the saine frequency as said electric 
field, and returning said pulsating electron cur- 
rent to said region in a phase relation relative 
to said electric field to prevent self-sustained 
oscillations, whereby said electron stream pro- 
rides a passive impedance. 
9. An ultra-high frequency amplifier device 
comprising a source of oscillations tobe amplified, 
a pair of electron-permeable electrodes coupled 
to said source to bave impressed therebetween an 
alternating voltage corresponding to said oscilla- 
tions, means for projecting an electr0n stream 
through said electrodes tobe velocity-modulated 
by said voltage, a reflector electrode, a source of 
potential coupled between one of said electron- 
permeable electrodes and said reflector electrode 
for returning said velocity-modulated electrons 
through said electrodes in a phase relation to 
said voltage producing a negative resistance 
therebetween, and an output circuit coupled to 
said electrodes, whereby amplified energy is sup- 
plied to said output circuit. 
10. An ultra-high frequency modulator com- 
prising a source of oscillations tobe modulated, 
a pair of electron-permeable electrodes coupled 
to said source to produce a voltage therebetween 
corresponding to said oscillations, a cathode elec- 
trode aligned with said permeable electrodes on 
one side thereof, a refiector electrode aligned with 
said permeable electrodes on the other side there- 
of, a control electrode between said cathode elec- 
trode and said permeable electrodes, a source of 
eleCtron-accelerating potential coupled between 
said cathode electrode and one of said electron- 
permeable electrodes, a source of electron-repell- 
ing potential coupled between said cathode elec- 
trode and said reflector electrode, said potentials 
being proportioned to produce a non-oscillatory 
condition between the electron-permeable elec- 
trodes, a source of modulated signals coupled to 
one of sald electrodes, and an output .circuit 
coupled to said permeable electrodes, whereby the 
energy delivered to said output circuit comprises 
energy from said source modulated by said modu- 
lated signal. 
11. Ultra-b-igh-frequency-modulating appara- 
tus for an ultra-high-frequency oscillator hav- 
ing a frequency-determining resonant circuit, 
comprising a pair of electron-permeable elec- 
trodes coupled to said circuit, a cathode electrode 
aligned with said permeable electrodes on one 
side thereof, a refiector electrode aligned with 
said permeable electrodes on the other side there- 
of, a control electrode between said cathode elec- 
trode and said permeable electrodes, a source of 
electron-accelerating potential coupled between 
said cathode electrode and one of said electron- 
permeable electrodes, a source of electron-repell- 
ing potential coupled between said cathode elec- 
trode and said refiector electrode, said potentials 
being proportioned to produce a non-oscillatory 
condition between the electron-permeable elec- 
trodes, and means for coupling modulating signals 
to one of said electrodes, whereby the output fre- 
quency of said oscillator is correspondingly modu- 
lated. 
12. Ultra-high-frequency-modulating appara- 
tus for an ultra-bigh-frequency oscillator having 
a frequency-determining resonant circuit, com- 
prising a pair of electron-permeable electrodes 
COUlled to said circuit, a cathode electrode aligned 
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with said permeable electrodes on one side there- 
of, a reflector electrode aligned with said per- 
meable electrodes on the other side thereof, a 
source of electron-accelerating potential coupled 
5 between said cathode electrode and one of said 
electron-permeable electrodes, a source of elec- 
tron-repelling potential coupled between said 
cathode electrode and said refiector electrode, at 
least one of said sources of potential being ad- 
10 justable and said potentials being proportioned 
to produce a non-oscillatory condition between 
said electron-permeable electrodes, and means 
for coupling modulating signals to one of said 
electrodes, whereby the output frequency of said 
15 oscillator is correspondingly modulated. 
13. Ultra-bAgh-frequency apparatus for tuning 
a cavity resonator, comprising a pair of electron- 
permeable electrodes coupled fo said resonator, a 
cathode electrode aligned with said electrodes on 
20 one side thereof, a refiector electrode aligned with 
said permeable electrodes on the other side there-. 
of, a control electrode between said cathode elec- 
trode and said permeable electrodes, a source 
of electron-accelerating voltage coupled between 
25 said'cathode electrode and one oï said electron- 
permeable electrodes, a source of electron-repell- 
ing voltage c6upled between said cathode elec- 
trode and said refiector electrode, said voltages 
being proportioned to produce a non-oscillatory 
30 condition between the electron-permeable elec- 
trodes, and means for adjusting said voltages, 
whereby said impedance is varied to alter the 
resonant frequency of said resonator. 
14. Ultra-high-frequency apparatus for tuning 
35 a cavity resonator, comprising a pair of electron- 
permeable electrodes coupled-to said resonator, a 
cathode electrode aligned with said electrodes on 
one side thereof, a refiector electrode aligned with 
said permeable electrodes on the other side 
40 thereof, a source oï electron-accelerating voltage 
coupled between said cathode electrode and one 
of said electron-permeable electrodes, a source 
of electron-repelling voltage coupled between said 
cathode electrode and said reflector electrode,. 
45 said voltages being proportioned to produce a 
non-oscillatory condition between the electron- 
permeable electrodes, and means for adjusting 
said voltages, whereby said impedance is varied 
to alter the resonant frequency of said resonator. 
50 15. Apparatus for adjusting the flow of ultra- 
high-frequency energy from a source to a load, 
comprising a variable impedance device, coupled 
between said source and load, said device com- 
prising a pair of electron-permeable electrodes, 
55 a cathode electrode on one side of said permeable 
electrodes, a reflector electrode on the other side 
of said permeable electrodes, an electron-acceler- 
ating potential supply means coupled between 
said cathode electrode and one of said electron- 
6O permeable electrodes, and an electron-repelling 
potential supply means coupled between said 
cathode electrode and said refiector electrode, at 
least one of said potential supply means being 
adjustable and said potentials being proportioned 
65 to produce a non-oscillatory condition between 
said electron-permeable electrodes, said imped- 
ance being thereby adjustable by adjusting said 
potential supply means. 
16. Apparatus as in clahn 15, further inclucling 
70 a control electrode between said cathode and 
permeable electrodes. 
17. Apparatus as in claim 15 wherein said 
source and load are directly connected by an 
uitra-high-frequency energy conductor, and said 
75 permeable electrodes are coupled to said con- 
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ductor by means of a second conductor in shunt 
with said first conductor. 
18. Apparatus as in claim 15 wherein said 
permeable electrodes are coupled directly to said 
source and fo said load by respective input and 
output conductors. 
19. An adjustable selectivity and/or frequency 
filter comprising a resonant circuit, a pair o  
electron-permeable electrodes coupled to said cir- 
cuit, a cathode electrode aligned with said per- 
meable e!ectrodes on one side thereof, a refiector 
electrode aligned with said permeable electrodes 
on the other side thereof, electron-accelerating 
potential supply means coupled between said 
cathode and one of said electron-permeable elec- 
trodes, and electron-repelling potential supply 
means coupled between said cathode and said 
refiector electrode, at least one of said potential 
supply means being ad]ustable and said poten- 
tials being proportioned t0 produce s non-oscfl- 
latory condition between said electron-permeable 
electrodes, said impedance being variable upon 
adjustment of said supply means. 
20. In combination, a source of ultra-high- 
frequency energy, an impedance coupling means 
between said source and said impedance, and ad- 
justable means coupled in shunt with said cou- 
pling means, said ad]ustable means comprising 
a variable impedance element having a pair of 
electron-permeable electrodes, a cathode elec- 
trode aligned with said permeable electrodes on 
one side thereof, a refiector electrode aligned with 
said permeable electrodes on the other side there- 
of, a source of electron-accelerating potential 
coupled between said cathode and one of said 
permeable electrodes, a source of electron-re- 
fiecting potential coupled between said cathode 
and said refiector electrode, said potentials being 
proportioned to producea passive non-oscillatory 
condition between said electron-permeable elec- 
trodes, a source of modulating signals, and means 
for varying the density of the electrons repelled 
by said. reflector electrode in accordance with 
said modulating signals. 
21. The combination of claire 20, wherein said 
electron-permeable electrodes are located in op- 
posed wa]ls of a ho]low wave guide. 
22. The combination of claire 20, wherein one 
of said electron-permeable e]ectrodes is ]ocated 

in the wa]] of a ho]]ow wave guide and the other 
of said electron-permeab]e electrodes is connected 
across an aperture in an opposed wal] of said 
wave guide by means of a cylindrical conductive 
5 member extending into said wave guide. 
23. The combination of claire 20, wherein said 
electron-permeable electrodes are connected to 
the inner and outer conductors of a coaxial line. 
24. The combination of claires 20, wherein said 
lo electron-permeable electrodes are located in op- 
posed walls of a cavity resonator. 
 25. In combination, a source of ultra-high-fre- 
quency energy, an impedance, coupling means 
between said source and said impedance, and ad- 
15 justable means coup]ed in shunt with said cou- 
pling means, said adjustable means comprising 
. a variable impedance element having a pair of 
electron-permeable e]ectrodes, means for project- 
ing a stream of electrons through said electrodes, 
20 a refiector electrode, a source of potential coup]ed 
between one of said electron-permeab]e e]ectrodes 
and said refiector electrode for returning said 
electrons through said electrodes to produce s 
passive non-oscfliatory condition between said 
25 electrodes, a source of modulating signais, and 
means for varying the density of the returned 
electrons in accordance with said modulating 
signals. 
26. The combination of claire 25, wherein said 
3o permeable electrodes are coupled to said coupling 
- means by an ultra-high-ïrequency energy con- 
veyor connected in shunt with said coupling 
means. 
DONALD E. HAIVLILTON. 
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